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A cDNA clone ixoluted from un Arabidopsis thalina eIl suipension euliure library showed considerable similarities to the prateasome 28 kDa

& subunit of Drasaphile [(1990) Gene 90, 235-241], The 250 amino acid-long proiein encoded by Arebidopsis TAS.go4 clone has important

homaolagies in its primary structure and in the predicted secondary strusiure with the PRQO3S.28.1 clone frem Drosophita. The only divergence

observed between the Lwo sequenees i for the 20 Caerminal amino acids. This subunit might share important funclions in both kingdoms, as

reveuled by the impartunl conservation between planis und animals. In plant cells it is encoded by a single<opy genc and probably regulated by
stress and/or division,

Plant: Arabidopsix thaficie; Steessidivision: Cell suspension culture; ¢DNA cloning; Proteasome

1. INTRODUCTION

Proteasomes are multientalytic complaxes cansisting
of u set of non-identicul polypeptides. prasent in both
nuclei and cytoplasm of a variety of eukaryotic cells
from yeast to man [1-3] and also described in
archuaebacteriu [4). In cukaryotes these particles of a
sedimentation coefficient of about 20 S have a molecu.-
lar mass around 700 kDa and constitute about 15-20
different subunits ranging from 21 to 32 kDn [5-6]. but
with different pl values, These struclures are strongly
conserved over large evolutionary distances and play
fundamental roles in the physiclogy of the cell. They
have been reparted to be involved in mMRNA transcrip.
tion [7] and tRNA processing (8], as well as tRNA deg-
radation [9]. This 700 kDa particle is essential in non-
lysosomal protein degradative processes. The 20 8 pro-
teasoine is associated with other protein components to
form a 26 S caomplex. This complex is involved in the
ATP-dependent degradation of ubiquitin-conjugated
proteins {10-16].

The primary structure of several of the proteasome
subunits has been reported in a large variety of animal
and yeast species (for references see [17]}). At the struc-
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tural level proteasomal bodies have been found in peas
{I8] and analysed in detail in wheat [1], but to cur
knowledge, their sequence has net been so far reported
in higher plants.

In this paper we veport and analyse the sequence of
a full-length ¢DNA of a polypeptide of Arabidopsis
thafiana that shows strong similarity with a 20 § pro-
teasome e subunit (PRQS-28.1) from Dresophila [19].

2. MATERIALS AND METHODS

The cOMNA clone was isolated {rom a library made from a cell
suspension cullure of Arvbidopsis thaliana 16 h afier subculturing.
This library was construsied in the expression vectar IZAP by M.
Axclos und D. Teémousaygue (INRA, Toulouse). The DNA sequencs
ing was carried aut by the dideoxy ciaia-termination methed of
Sunger (20}, by using 19-mer oligodeoxyribonusleotides synthesized in
un Applied Biosystem DNA synthesizer as primers. Computer sc-
quence analyses were performed with the UW-GCG [asilities [21]
offered by ENBL, Heidelberg, The hydropathy index wus calsulated
by thealgorithm of Kyte and Doolitile [22] ever a window of 11 amino
acids, and was plotted as & function of amino acid position. The
secondary structure was esiablished according to Poch and Daney de
Mareillae (unpublished) by a vectorial representation of proteins
based on the amine acid distribution diagram of French and Robsen
[23]. Northern blot and Southern blot analyses were performed as
described previously [24). The probes were labsled by the multiprime
DNA labeling method with [a-*PRCTP.

3. RESULTS AND DISCUSSION

3.1. Primary structure of the TAS-g64 clone

As a part of a research program (GDR-genome Ara-
bidopsis) wa isolated, from a library established from an
Arabidepsis thaliana cell suspension culture harvested at
the beginning of the log growth phase, a cDNA clone
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that showed high similarities with a 28 kDa a subunit
proteasome from Dresophile. Using the FASTA serv-
ice, we found that the cDNA insert, TAS-g64, revenled
a 56% homology to the nucleotide sequence of the re-
cently published clone, PROS-28.1. The clone has been
further analysed and the sequence of the insert deter-
mined by the strategy given in Fig. |A, The full-length
cDNA (Fig. 1B} constitutes 1,087 nucieotides termi-
nated by a 22 nucleatide.long paly(A} tail. The 3' non-
coding region constitutes 322 nucleotides devoid of uny
polyadenylation signal, which in plants [25] is dispensa-
ble. The open reading frame encodes a putative 250
amino acid peptide. From this deduced amino acid se-
quence the molecular mass could be estimated to be
27,320 Da and the pl 7.44.

Using the PROSITE computer program we could
further identify several consensus sequences, such us a
KKST pattern matching for phosphorylation by
cAMP-dependent protein kinase at position 48, a RE-
FLEKNY pattern matching a putative phosphorylation
site by a tyrosine phosphokinase (TPK) at pesition 171,
and a NATG patiern matching an Asn-glycosylation
site at position 161. Glysosylution of the proteasome &
subunits has been reported in Archeabacteria [17]. The
different consensus sequences are boxed in Fig. 1B.
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Fig. |. Analysis of the cDNA clone, TAS:g64. (A) Restriction endenu-
clease map of the cloned TAS-g64 insert and sequencing strutepy. The
solid and apen baxes indicate the coding and the 8- and 3’ non-sading
rogions, respectively. Continuous lines indicaie the sequence of the
vector, Seauarced regions are indicated by arrows, El. EroRl; ES,
EcoRY; M, Hidlll; X, Ybol. (B) Mucleetide sequence of the insert
and deduced amino acid sequence are indlerted below in the single
letter code. Consensus sequences are boxed. The putative & subunit
box {17] is underlined.
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3.2, Simiélarity to an & subunir proreasome of Drosophila

Computer assisted homology analysis revealed that
the highest identity of TAS.g64 putative encoded pro-
tein with any proteasome subunit so far reported is with
PROS 28-1, un a subunit of Droseplila, The deduced
amino a¢ids of these two ¢DNA clones were compared
by ssquence alignment. Results are shown in Fig. 2A.
The overuil identity of the two protein sequences is 605%.
Moreover, by analyzing the similarities of the amino
acids as displayed by the UCWGCG GAP program,
which takes inte consideration the conservative
changes, a similarity of 74% was reached. The identity
between an animal and plant proteasome is even higher
than between the two different @ subunits reported in
Drosoplila, i.c. PROS-35 [26] and PROS-29 [27], where
it is only uround 30%. The calculated molecular weights
of the two proteins of Archidopsis and DProsophilu are
27.3 and 279 KkDa, respectively. The consensus se-
quences of the pulative sites of Asn-glycosylation and
Tyr-phosphorylation reported above are well con-
served.

The similarity between the two proteins can be fur.
ther demonstrated by the hydropathy profiles (Fig. 2B)
established according to Kyte und Doolittle [22] and by
the predicted secondary structure (Fig. 2C) culeulated
by Poch and de Marcillac (unpublished), on the basis
of the amine acid distribution diugrarm estabished by
French and Robson {23]. The two proteins have identi-
csil characteristics and are composed of two domains.
The first domain covars the N-terminal region up to
amino acid position 130. It is well conserved and con-
tains the putative & type subunit box [17]. The secend
domain, covering the C-terminal region, is also well
conserved but only up te amino acid position 230 where
the two sequences diverged, becoming bhighly hydro-
philic in Drosophile, 1t is noteworthy thut this region
contains a putative NTS (nuclear translocation signal)
in Drasophile which is absent in Arabidopsis. This ob-
servation raises the problem of cellular loculization,
Mevertheless, all these obsarvations suggest that these
two proieins may constitute a subfamily of the & subunit
proteasormne, well conserved in the animal and plant
kingdoms in which they probably share commen fung-
tions,

3.3, Genomie arganization

A DNA gel blot analysis was carried out 1o obtain
information about the copy number of TAS-g64 encod-
ing genes in the Arabidopsis genome. Genomic DNA
was digested to completion with Neol, an enzyme that
hias no restriction site inside the ¢DNA, and with
EcoRV and HindlI], enzymes that have a site at posi-
tion 693 and 577, respectively, (see Fig. 1) in the nucie-
otide sequencs, Hybridizution with the EesRI-Yihol
cDNA insert taken as a probe showed two major bands
around, respectively, 9 and 4 kb with Neal, and 0.8 and
1.8 kb with HindIIl, but enly ane band at approxima-
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Fig. 2. Compirison of the predicied amino acid sequences of ctone (a) TAS-g64 from Arabidupsis and (b} PRQOS-28.1 {19] lrom Drusaphila, (A)

Alignement of the twe sequences, Gaps huve been introdused to achieve maximum homology; vertical lings indicute amino acid idenaity, single

and double dats indizte canservative ehanges, and dashes indicale gaps. Conserved consensus sequences are boxed, others are indicated by 4 line,

(B) Hydrophebicity profile according to Kyte and Doolittle [22]. Negative values indicate hydrophilic regions. (C) Putative proigin secondary
structure according to Poch and de Murcillas (unpublished). The amino acid distribulion diagram [23] is indicated,

tively 4 kb with FcoRYV (Fig. 3). The presence of two
bands on the Ncol blot may indicate the presence of a
restriction site within an intron. The presence of anly
one band on the EcoRY blot could be explained by

postulating that an intren disrupts this site in the gene.
These resulis are consistent with the assumption of the
existence of a single-capy gene. The minor hybridiza-
tion signals found under high stringency hybridization
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Fig. 3. Genomie Sauthern blet of Arabidupsis thaliana DNA digested

with Neol (W), Hindlll (HYand EcoRY (ES), respestively, and hybrid-

ized with the EcoR[-x%ol TASg64 ¢cDNA insen (Fig. 1), The position
of size murkers is indicated.

conditions indicate possible cross-hybridizations with
the other proteasome subunits present in the Arabidop-
sis genome.

Analogous results have been abtained with gencmic
DNA blots from other plant species (results not shown),
including tobacco, sunflower, wheat, out, bean and red
pepper, indicating that this gene is well conserved over
species.

3.4, Expression of the TAS«g6d gene

In order to investigate how the TAS-g64 gene is reg-
ujated we analyzed the steady-state accumulation of
TAS-g64-specific mMRNA in several tissues and sliced
leal strips by Northern blot hybridization (Fig. 4). The
integrity as well as the amount of mRINA. had first been
checked using o potato 25 8 mENA probe{28] and then
hybridized to the EcaRI-Xiol inseii £Fig. 1) used as a
probe. Under stringent conditions we onserved, as ex-
pected, one hybridization band at 1,100 nucleotides. At
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Fig. 4. RNA blot analyiis of Arabidopsis TAS-364 cONA. |0 mgtotal

RNA isolated frem leaves (L), reots (R) and sliced leaf'sirips har-

vested after 2 (W2), 1 (W3) and 4 (W4) days of insubation in the

culture medium were hybridized with the EcroRI-Xhol TAS-god
¢DNA insert {Fig. 1) and with 25 S mRNA.

lower stringency and after extensive over-caposure of
the gel (data not shown) a second band became faintly
visible at 1,300 nucleotides, prabably indicating eross-
hybridizations with the subunits of the other pro-
teaseme famnilies. The same level of accumulation of the
1.1 kb mRNA was obsarved in leaves (L), roots (R) and
flowers (data not shown), while it significantly increased
in sliced leaves. The signal was maximal in thess sliced
leaves two days after the incubation (W2) and then
decreased. This observation seems to indicate that this
mRNA accumulation is due mainly to the stresses
caused by the slicing of the leaves. Nevertheless it is not
possible at the moment to ascertain if this accumulation
is only 4 stress response induced by the wound reaction.
or if it has also a relationship with cell division. Indeed
the conditions in which the leaf-strips have been incu-
bated aliow the very rapid ra-initiation of mitotic activ-
ity, and important cell proliferation appears along the
waunded edges. Moreovar we showed recently that the
two events, stress response and division, cannot be dis-
spciated in the somatic cells during their re-entry into
the cell cycle (29).
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